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Tropical forests play a critical role in global carbon cycling and
biodiversity, but are vulnerable to future precipitation changes



Unfortunately, future projections of annual mean precipitation
changes over tropical forests have seemed uncertain
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Despite this uncertainty, all modern climate models project a
growing zonally asymmetric rainfall pattern across the tropics
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Asymmetric precipitation pattern is driven by both radiative
greenhouse and plant physiological responses to increasing CO2
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Physiological responses alone are a dominant component of the
overall precipitation change over dense tropical forests
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How do physiological responses contribute to these changes?
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What drives this asymmetric pattern of change?
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A new experiment with CESM tests if the pattern is driven by
tropics-wide (e.g. Walker Circulation) or regional mechanism
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Rising CO2 reduces stomatal conductance and transpiration,
modifying surface heat fluxes and near-surface air conditions
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What drives this asymmetric pattern of change?
How do physiological responses contribute to these changes?
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Surface flux changes drive convectively-coupled and island-like
circulations over the Amazon and Indonesia, respectively
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Locally and non-locally driven moisture convergences changes
lead to less rainfall over the Amazon and more over Indonesia
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• Precipitation reduction over the
Amazon has local and non-local
(Africa) influences.

• Evapotranspiration reduction
from regional forcing over the
Amazon and Indonesia have
similar magnitudes.

• Indonesia has a larger rise in
moisture convergence than
evapotranspiration reduction.

• Africa forcing lowers moisture
convergence to the Amazon.



What drives this asymmetric pattern of change?
How do physiological responses contribute to these changes?
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• Nearly all CMIP5 models predict a
strengthening zonal precipitation
asymmetry across tropical forests.

• Physiological responses are the main
driver of increases over Asian forests
and decreases over the Amazon.

• CESM simulations demonstrate that
regional circulation responses drive
this pattern of rainfall change.

• The results suggest that the Amazon
will be more prone to drought and fire
risk than other tropical forests.

• Asian forests may receive more rain,
which could increase flooding events.

Conclusions: Local and non-local responses to rising CO2 may
make the Amazon may be more vulnerable than other forests
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